We found high population densities of Hydra canadensis (up to 30,000 m ') on macrophytes in Lake Opinicon (Ontario, Canada) and tested whether they influenced the survival of larval bluegill, Lepomis macrochirus. Hydra were observed to capture and ingest bluegill larvae in laboratory trials, IndiAduals that ingested fish larvae turned black; those fed a variety of crustacean species remained brown. The ingestion rate of Hydra on larvae in 8-liter laboratory microcosms was higher during the night (0.197 larvae predator-l h-l) than during the day (0.111 larvae predator-l h-l), Many larvae also died after escaping from the stinging tentacles of Hydra (on average 26% of larval mortality). Population densities of Hydra were highest on the macrophyte Myriophyllum spicatum. Bluegill colonies were surrounded by dense beds of M. spicatum in some areas, and larvae in the colonies had to swim through the plants (with the attached Hydra) in order to reach open water. We sampled Hydra in the vicinity of bluegill colonies on the morning after larval swim-up. The number of black Hydra decreased with increasing distance from a colony; 72% black within colonies, 45% at 0.5 m outside colonies, and 31% at 2 m outside of colonies. We estimate that up to 20% of the larvae produced by a colony csn be killed by Hydra within this 2-m zone. Many more larvae likely die as a result of encounters with Hydra that are abundant throughout the lake.
Cnidarians are important predators of fish eggs and larvae in marine and estuarine waters (e.g. Purcell 1985; Bailey and Houde 1989; Purcell et al. 1994 ), but they are generally not considered to influence the survival of fishes in freshwater systems. The most common cnidarian in freshwater is Hydra, a small hydrozoan with a solitary polyp that reaches sizes of l-20 mm in body length. Their stinging tentacles, which can exceed 200 mm in length (Slobodkin and Bossert 1991) , effectively capture a variety of prey organisms. Hydra feed mainly on crustaceans, worms, and insect larvae (Pennak 1978; Slobodkin and Bossert 1991) , but large species (i.e. members of the Oligactis group) have also been reported to capture larval fishes in hatcheries (Beardsley 1902; Moen 1951; Eisler and Simon 1961; Mulla and Tsai 1978) . However, no studies have examined whether natural populations of fishes (or particular sizes) are vulnerable to predation by Hydra, nor have the predation rates of Hydra on fishes been determined in the laboratory or field.
Hydra have been reported to reach high population densities in beds of macrophytes (e.g. 100 individuals per cm of plant stem, Myriophyllum exalbescens; Hershey and Dodson 1987) , on rocky bottoms (Cuker and Mozley 1981) , and in the plankton (Reisa 1973; Batha 1974) . Thus, Hydra has the potential to be an important predator in freshwater systems. However, the ecology of Hydra has not been well studied, and knowledge of their influence on prey populations is limited. Cuker and Mozley (1981) have shown that Hydra plays a major role in controlling populations of Bosmina in Acknowledgments Wendy Vandersteen provided technical assistance in the laboratory and field. Raleigh Robertson, Frank Phelan, and other staff of the Queen's University Biological Station provided excellent technical support and facilities for this research. The work was supported by a Natural Sciences and Engineering Research Council of Canada grant to W.C.L.
an arctic lake, but further work is needed to determine if they affect prey' populations in other areas.
We have found that Hydra is abundant on aquatic macrophytes in Lake Opinicon (Ontario, Canada) during the period when bluegill (Lepomis macrochirus) larvae leave their nests and migr.2te offshore. In this study we assessed the predatory impact of Hydra on bluegill larvae during swimup from nests. The objectives of our study were to (1) document the predator-prey interactions between Hydra and bluegill larvae, and (2) quantify the predation rate of Hydra on bluegill larvae in both the laboratory and field.
Materials and methods
Study sites ar,ld animals--The study was conducted at the Queen's Univer:;ity Biological Station, located on Lake Opinicon. This is a mesotrophic lake in the central part of the Rideau canal system, with an area of 7.8 km2 and a mean depth of 4.9 m (max. 9 m).
Hydra were collected from the field and examined closely in the laboratory for identification according to the methods of Campbell (1983 Campbell ( , 1987 . All specimens examined were identified as H. canadensis, a member of the Oligactis group.
Hydra was observed to be most abundant on aquatic macrophytes, mainly the introduced plant Eurasian milfoil, Myriophyllum spicahlm. Divers collected individual M. spicatum plants from the field. These were placed in tanks with flowthrough lake wa:er at ambient temperature (20-24°C). Plants with attached Hy#dra were used in some experiments. In others, individual Hydra were removed from the plants with a pipette and transferred to experimental chambers.
Bluegill spawn in colonies of lo-150 individuals in shallow water (l-4 m). Males guard the nests until -7 d after spawning when larvae develop to the swim-up stage (Cross and MacMillan 1981) . Larvae were collected from nests the day prior to swim-up and transported to the laboratory in 12Oml con-tamers. They were released into &liter black plastic containers maintained in water baths at ambient lake water temperatures (22-24°C). Once larvae began swim-up they were used in the following laboratory experiments.
Observations of predator-prey interactions-Groups of five Hydra were transferred into 120-ml plastic containers and allowed to attach their pedal disks and extend their tentacles in a typical feeding posture. A single fish larva (5-7 mm in total length, TL) was then added to a container and its interactions with Hydra were observed continuously. The number of contacts between the larva and Hydra tentacles was recorded, along with the number of times the larva escaped and when it was captured.
Bluegill larvae leave the limnetic zone and return to shallow weed beds upon attaining sizes of approximately 20 mm SL (Werner 1967) . These returning juveniles were captured with dip nets and held in lo-liter aquaria in the laboratory. The susceptibility of juveniles to stinging by Hydra was evaluated using the methods described above. Further tests were also conducted by anesthetizing juveniles with MS-222 and carefully releasing them from a glass pipette onto the tentacles of a Hydra.
Color change as an indicator of diet-The color of Hydra depends on their diet (Slobodkin and Bossert 1991) . Preliminary observations indicated that individuals that had ingested fish larvae turned black, whereas those feeding on other zooplankton prey were typically brown. We fed Hydra a variety of different prey types and observed their color before and after digestion. Five Hydra were placed in each of 15 plastic containers (120 ml) filled with 100 ml of filtered lake water. Hydra in five of these containers were fed bluegill larvae (10 larvae per container), those in five other containers were fed natural zooplankton (650 prey items per container), and the remaining Hydra were not fed. The zooplankton was primarily composed of cladoceran and copepod species. The color of the Hydra was monitored intermittently for 48 h using a dissecting microscope at 6X magnification.
Laboratory estimates of predation rates-The predation rates of Hydra on bluegill larvae were examined using 10 black plastic containers (27 cm high and 25 cm diam, 8 liters). One hundred larvae were added to each container (13 liter-l). This larval concentration was -50% below that expected in the vicinity of bluegill nests during larval swimup. An average bluegill nest in Lake Opinicon contains 12,329 thousand larvae (Claussen 1991), and because bluegills nest in colonies of up to 150 individuals (average of 50), -600,000 larvae may swim up from a colony during one swim-up event. Bluegills typically nest in water <3 m deep, at densities of -5 nests m-2 (Gross and MacMillan 1981) . Thus, a colony of 50 males in water 2 m deep would occupy an area of 10 m2, and 600,000 larvae would enter a volume of 20 m3. In situ larval concentrations of up to 30,000 m -? (or 30 liter-l) are thus likely during a swim-up event.
Equal numbers of control and predator treatments (n = 10) were run. Three 20-cm lengths of freshly collected A4. spicatum, with an average of 62.7 attached Hydra (SE = 5.3), were placed into the 10 predator treatment containers. The plants were anchored to the bottom of the container with a plastic clip, which kept the stems in a vertical orientation. The mean density of Hydra in the containers (7.84 liter-l) was below that of maximum densities found in the field (33,716 rnp3 or 34 liter-l). Three 20-cm lengths of M. spicatum (without Hydra) were added to each control container. The Hydra were removed by placing the plants in a 1% bleach solution for 5 min. The plants were then rinsed in running lake water for 15 min before being added to the containers.
Bluegill larvae typically swim up from nests at night. To determine if there was a difference in predation rates between day and night, we conducted predation trials of 7 h duration between 0900 and 1600 h and between 2300 and 0600 h. Daytime lighting was provided by full-spectrum fluorescent lights, and night trials were conducted in total darkness.
At the end of the 7-h trials the contents of the black containers were poured into white plastic trays that provided a superior background for observing the Hydra and larval fish. The number of live and dead larvae as well as the number of black and brown Hydra was enumerated.
The instantaneous mortality rates of the larvae due to predation by Hydra (2, predator-I h-l) were calculated as
where Ni is the initial number of larvae stocked, NY and N, are the numbers of live larvae recovered from the containers with predators and the control, respectively, Tis the duration of the experiment in hours, and P is the number of predators in the container (Royama 197 1; Rogers 1972; de Lafontaine and Leggett 1988) . The average number of live larvae recovered from the control containers was used as N, in all calculations.
Predation rates (no. of larvae ingested predator-l h-l) were calculated using the total number of larvae recovered from the containers (i.e. live and dead) as N,, and N, in the calculation of 2:
Distribution and abundance of Hydra-The distribution and abundance of Hydra in the lake was determined by surveying 0.25 X 0.25-m quadrats that were dropped randomly on the substratum at various locations throughout the lake. If no macrophytes were present, the substratum was observed closely for the presence of Hydra. If macrophytes were present, the plant material in the quadrat was collected, identified to species, and measured for total length. Preliminary collections revealed that when plants were removed from the water, some Hydra detached and others contracted, making them difficult to enumerate. To obtain accurate estimates of Hydra densities, a diver cut the stems of individual plants at the substratum and brought them near the water surface where they could be examined closely. The number of Hydra on the plant was counted and the length of the plant was measured.
We also examined the abundance of Hydra in the vicinity of bluegill colonies at a variety of locations in the lake. Quadrats (0.25 X 0.25 m) were randomly placed on the substratum between nests within bluegill colonies, and also at a distance of 1 m outside of colonies. All plant material was removed from the quadrats and measured for total length. Subsamples of the plant species present in each quadrat were examined for the presence of Hydra to obtain a measure of the number of ind. m-l of plant stem length.
Field estimates of predation rates-We estimated the predation rates of Hydra on bluegill larvae by determining the proportion of black to brown individuals in the vicinity of colonies the morning after larval swim-up. Based on results from laboratory feeding trials, we assumed that black Hydra had successfully captured and ingested at least one fish larva. We observed the color of naturally occurring Hydra and those that had been transplanted to the area and placed at specific distances from colonies (0, 0.5, and 2 m).
When larvae in a bluegill colony reached the golden-eyed stage, indicating they were about to swim up from nests, we placed groups of Hydra at different distances away from colonies. Three lengths of freshly collected M. spicatum (each -1 m), with many epiphytic Hydra (mean = 94.9, SE = 14.2), were attached to a white plastic tag with a plastic clamp. Four of the plant groups were placed among the nests in the central region of a colony (see Fig. I ) and four were placed at each of 0.5 and 2 m outside the colony toward the center of the lake. The morning after larval swim-up occurred, the plants were collected and the numbers of black and brown Hydra were counted.
We estimated the predation rates of Hydra on bluegill larvae leaving a colony by combining (1) the percent capture data from above, (2) Hydra densities in the vicinity of a colony, and (3) estimates of the number of larvae leaving a colony. The number of nests in a colony was counted and each bluegill nest was assumed to contain 12,329 eggs (the average number for bluegill in Lake Opinicon; Claussen 1991). All larvae were assumed to move out of the nest and toward the limnetic zone of the lake. During this movement, the larvae must travel through beds of plants with attached Hydra. The nc.mber of Hydra that the larvae would encounter was considered to be a function of the density of the cnidarians inside the colony, and within a 2-m-wide band on the open water side of the colony (Fig. I) . For example, larvae that swam up from a colony of 18 nests that covered an area 2 m wide and 5 m long parallel to the shore (10 m2) were assumed to be exposed to Hydra located within the area of the colony and an area of 5 X 2 m outside the colony. The proportion of black Hydra at each of three distances from the colony (0, 0.5, and 2 m outside) were combined with Hydra densities in each of three areas (inside, O-l m outside, l-2 m outside) to produce an estimate of the total number of laryrae captured. Hydra densities estimated at a distance of 1 m outside colonies were used for the two outside colony arcas.
Statistical analyses-All statistical analyses were conducted using lhe SAS microcomputer package JMF? The comparisons among variables examined during day and night trials (e.g. mortality rates, predation rates) were conducted using unpaired t-tests. Simple linear regression was used to determine the relationship between the the number of larvae eaten in a predation trial and the number of black Hydra observed at the end. Two-way ANOVA was used to compare Hydr,z densities among locations and distances from colonies. The percentage data were arcsine transformed before analysis (Sokal and Rohlf 1981) .
Results

Observations of predator-prey interactions-When
Hydra were in a feeding posture their tentacles extended up to 200 mm in length. Fish larvae were stung when they contacted the tentac:les. Swim-up larvae (-5 mm TL) contacted the tentacles of Hydra an average of three times before being captured or paralyzed (n = 35 trials). On average, 25% of the larvae were captured on their first contact with a tentacle, and 36% were captured on each subsequent contact (range, 1-9 contacts). Those individuals that were not captured were paralyzed (17% of fish tested).
All larvae reacted to contact with a Hydra tentacle by swimming strongly. This often caused the fish to become more entangled in a nearby tentacle of either the same or a different Hydra. Once a fish was stung and became entangled in the tentacles, the Hydra displayed typical feeding behaviors: (1) tentacle writhing; (2) mouth opening, creeping over the prey, and closure; and (3) inhibition of tentacle and body contractions (Rushforth 1973) . Most larvae were ingested within 5 min of capture and were fully digested within 2 h.
Larvae that were 5-8 day post-swim-up (mean size, 7 mm TL) were also stung by Hydra (n = 15 trials) The number of times they cc,ntacted Hydra before being captured or paralyzed was similar to swim-up larvae. Juvenile bluegill (mean size, 17 mm TL) were not observed to be stung by Hydra (n = 13 trials). The movement of juveniles through the water produced a pressure wave that seemed to force the tentacles away from their bodies, thereby preventing strong contact. No juveniles were captured or paralyzed by the Hydra after swimming through the tentacles at least 10 times. consumed in a predation trial and the number of black Hydra observed at the end of a trial.
However, juveniles were stung when they were anesthetized with MS-222 and then gently lowered onto the tentacles (n = 10 trials). Once the anesthetized fishes regained their ability to swim they easily escaped the tentacles.
Color change as an indicator of diet-Only those Hydra that were fed fish larvae turned black. Immediately after ingestion, the body and eyes of the fish larva were visible within the coelenteron of the Hydra. Once the fish was digested, its iridescent black pigment was dispersed throughout the body of the Hydra. The black pigment remained visible in the Hydra for approximately 48 h.
Those Hydra fed a mixture of other zooplankton species consumed a variety of cladocerans and copepods. The color of these Hydra became a more intense brown but never turned the iridescent black of individuals that consumed fish larvae. We conclude that all black Hydra observed in further laboratory and field experiments had consumed at least one fish larva during the previous 48 h.
Laboratory estimates of predation rates-Recovery of the 100 larvae stocked into the containers averaged 100% for the controls, and 51% in the predator trials. There were also significantly fewer dead larvae at the end of the control trials (mean = 7.5) than in the predator treatments (mean = 16.7, t-test, P < O.OOOl), indicating that larvae were also being killed, but not ingested, by Hydra.
The mean ("SE) instantaneous larval mortality rate due to predation by Hydra (2, predator-l h-l) was approximately twice as high at night (0.0030 ? 0.002) than during the day (0.0017 + 0.0001; t-test, P < 0.0001). Similarly, the mean ingestion rate of Hydra on larvae (Z, no. of larvae predator-l h-l) was approximately twice as high at night (0.197 + 0.018) than during the day (0.111 t 0.009; t-test, P = 0.0004). On average, each Hydra consumed one larva per 11 h during the day and one larva per 6 h during the night. Approximately 70% of the larvae killed during the day were captured and ingested by Hydra. The remaining 30% escaped but died before the end of the trials. At night, an average of 78% of the larvae killed were ingested by Hydra, and 22% escaped but died before the end of the trial. The number of black Hydra was positively correlated with the number of larvae consumed (Fig. 2) . However, there were generally fewer black Hydra than the number of larvae consumed in a trial. This suggests that some of the Hydra preyed on more than one larva during the course of an experiment .
Distribution and abundance of Hydra-Hydra were rarely observed on either rock or soft substrata (< 1 m "). However, they were abundant on the stems and leaves of macrophytes, especially the introduced Eurasian milfoil, 44. spicatum (Fig.  3) . This plant species grows from the bottom to near the water surface in depths of up to 4 m (Keast 1984) . The Hydra were most abundant near the tops of the plants (Fig.  4) . Significantly fewer Hydra were found on the native plant species, M. exalbescens. Other species of macrophytes also had relatively few attached Hydra, with some having none. Thus, to compare the densities of Hydra among locations in the lake, we counted only the number of individuals on random subsamples of M. spicatum and measured the density of the plants at those locations. Beds of M. spicatum occur in all areas of lake Opinicon (Smith 1978 ; J.K.E. unpubl. data), and they are most abundant in the 2-4-m depth range (Keast 1984) . Hydra densities varied among beds of M. spicatum sampled throughout the lake (mean density, 9,738 5 3,127 m-2; range, 169-33,716 mA2, n = 12).
Bluegill nests occurred in shallow areas of the lake at depths between I and 3 m. There were no macrophytes with associated Hydra inside the nests. The densities of macro-
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- Distance from colony (m) Fig. 6 . Percent black Hydra on Myriophyllum spicatum located at different distances from bluegill colonies: (a) Transplanted Hydra; (b) naturally occurring Hydra. Means (&SE) for groups of plants (n = 4) located at each of three distances from the colonies (0,0.5, and 2 m). There were significant differences in percent black Hydra located at each of the three distances for both transplanted and naturally occurring Hydra (two-way ANOVAs, P = 0.0001, P = O.OOOl), but there were no significant differences among locations (P = 0.277, 0.274).
phytes and Hya'ra surrounding the nests varied among locations. Tn the Isouthern areas of the lake, Hydra densities were relatively low within bluegill colonies but were high in large beds of M. spicatum directly outside the colonies (Fig. 5) . At Cedar Point, bluegill nests occurred where densities of both Al. spicatum and Hydra were low. Bluegill colonies at Birch Bay on a shallow sand bar (l-m depth) were in areas 01' very low densities of all macrophyte species. The Hydra densities were also very low.
Field estimates of predation rates-On average, 70% of the Hydra located among nests within bluegill colonies had turned black the morning after larval swim-up (Fig. 6) . The percent of Hydra that were black decreased at distances of 0.5 and 2 m from the colonies (38% and 23% black, respectively). This pattern was consistent for both transplanted 10 Tb 2 . m Birch Bay (0.3% OP tout1 captured) (-26% of total mortality). Mortality of larval fishes due to interactions with other cnidarians, such as jellyfishes, also result from both ingestion and death after larvae escape encounters (e.g. Elliott and Leggett 1996) . Larvae that contact the tentacles of cnidarians are stung by nematocysts. Toxins injected by the nematocysts, or the physical damage resulting when a fish pulls away from the tentacles, are the likely causes of death for those individuals that escape. Fig. 7 . Estimated percent of the larvae that swam up from bluegill (Lepomis macrochirus) nests that were captured by Hydra in different zones located at increasing distances from colonies at Austen Island, Cedar Point, and Birch Bay. The areas used to calculate Hydra densities are shown in Fig. 1 . The number of nests and swimup larvae produced by each colony were: Austen Island (12 nests; 147,948 larvae), Cedar Point (16 nests; 197,264 larvae), and Birch Bay (18 nests; 221,922 larvae).
The predation rate of Hydra on larval bluegill was higher during night trials than during the day. Predator-prey interactions have a variety of components (i.e. encounter, attack, and capture), and variation in any of these between day and night may explain the observed diurnal differences in predation rate. Encounter rates are a function of the movement patterns (activity rates, swimming velocities, and directions), reactive volumes, and densities of the predator and prey (Gerritsen and Strickler 1977) . Hydra is a sedentary ambush predator, and well-fed individuals usually remain in the same location. Thus, encounter rates are primarily determined by the swimming behavior of the fish larvae. Bluegill larvae swim up from nests at night and move toward open water. Those larvae that swim through macrophyte beds populated with Hydra have a high probability of colliding with a tentacle. Fish larvae are highly visually oriented animals, and they are likely less able to detect the presence of tentacles and avoid them at night. This could lead to higher encounter and capture rates, which would explain the higher predation rates observed during night trials.
( Fig. 6a ) and naturally occurring Hydra (Fig. 6b) and was consistent among locations.
The estimated predation rates of Hydra on swim-up bluegill larvae varied among locations and among zones at different distances from colonies (Fig. 7) . Predation rates were highest at Austen Island, where there were high densities of Hydra, with 16% of the larvae produced being captured within 2 m of the colony. At Cedar Point, where there were lower Hydra densities, -6% of the larvae were preyed upon by Hydra within 2 m of the colony. Predation was lowest at Birch Bay Bar (0.3% of larvae captured), a location with very low macrophyte and Hydra densities. Predation rates were highest in the l-m zone just outside bluegill colonies at Austen Island and Cedar Point, where there were dense macrophyte beds with high densities of Hydra. Predation rates decreased in the l-2-m zone outside of colonies. Larvae that were not captured within 2 m outside of colonies would continue to swim through beds of macrophytes and potentially encounter other Hydra before reaching open water.
The volume of water in which a Hydra could potentially capture prey is a function of the number and length of its tentacles and the pattern in which the tentacles are set. Most H. canadensis had four or five tentacles that extended up to 200 mm from the body in a radial pattern. The size and shape of the encounter volume varied over time, because the body and tentacles of Hydra would suddenly contract and then extend in a new direction at irregular intervals. We did not monitor the diurnal behavior of Hydra and therefore do not know if encounter volume or capture success varied between day and night. Hydra have been shown to increase their tentacle movements in the presence of prey extracts (Slobodkin and Bossert 199 1 ) , which may increase encounter rates with prey.
Discussion
Cnidarians are known to be important predators of larval fishes in both marine and estuarine waters (e.g. Purcell 1985; Bailey and Houde 1989) . Our study has shown that the freshwater hydrozoan H. canadensis is also an effective predator of larval fish under both laboratory and field conditions. Furthermore, many larvae died after they escaped from interactions with Hydra in our laboratory predation experiments The probability of capture for a larval fish generally decreases as it gets older and larger (Miller et al. 1988) . We found that bluegill larvae were vulnerable to being captured or killed by Hydra until they were at least 8 d old and 7 mm in length. Larvae were able to burst swim and escape the adhesive force of the tentacles during 75% of initial encounters and 64% of subsequent encounters in laboratory trials. Individuals contacted Hydra an average of three times before being captured or paralyzed. Multiple contacts with many tentacles are likely under field conditions because of high Hydra densities. Swim-up larvae also appeared to be immobilized relatively quickly by the nematocyst toxins, and many of the individuals that escaped may have subsequently died. Juvenile fishes were able to break free easily from the tentacles of Hydra, and their larger body sizes likely decreased the effects of the toxins.
Even though Hydra exhibited relatively low ingestion rates in laboratory microcosms (e.g. one larva per 6 h), their high population densities in many areas of Lake Opinicon could lead to an important source of mortality for larval bluegill. Several factors influence the distribution and abundance of Hydra (e.g. food, depth, and temperature), but support structures are considered to be one of the most important (Bryden 1952) . The dense populations of this cnidarian in the lake are strongly related to the high abundance of the introduced macrophyte, the Eurasian watermilfoil, A4. spicatum. This plant species forms dense stands extending from the lake bottom to the water surface in the 2-4-m depth zone of Lake Opinicon (Keast 1984) . By living on this macrophyte, Hydra obtains access to the plankton throughout the water column. Hydra has also been reported to occur in high densities on the native plant species M. exalbescens (e.g. 100 individuals cm-I; Hershey and Dodson 1987) . The association of Hydra with this native plant species may have .facilitated its adaptation to living on M. spicatum when the latter was introduced into Canadian lakes in the 1960s and 1970s.
Eurasian milfoil occupies extensive areas in some lakes and waterways, where it can have both negative and positive effects on fish populations (Engel 1995) . Bluegills have been reported to avoid nesting in weedy areas (Claussen 1991) . This may be because plants interfere with nest preparation, spawning, or protection of eggs and fry. However, the presence of large numbers of Hydra on macrophytes, and the associated high levels of predation on fish larvae, could also be a strong selective pressure against bluegills nesting in these areas. In the vicinity of the Queen's University Biological Station, bluegill colonies typically occur in areas having low plant densities (Claussen 1991). However, in the southern areas of Lake Opinicon, where high densities of M. spicatum occur, we found bluegill colonies in littoral areas just outside or completely surrounded by dense stands of plants (e.g. Austen Island). Predation rates by Hydra on larval bluegill were estimated to be much higher in areas of high M. spicatum densities than in areas with low plant cover. At Austen Island, where high plant and Hydra densities occurred, we estimated that 16% of the larvae produced by a bluegill colony could be preyed upon by Hydra. Predation rates were estimated to be lower in the immediate vicinity of nests at Cedar Point (6%) and Birch Bay (0.3%) where both Hydra and plants were less abundant.
Our estimates of larval mortality in the field are likely to be conservative because the number of black Hydra observed in laboratory trials underestimated the actual number of larvae consumed by 50%, on average (Fig. 2) . Furthermore, those larvae that escaped interactions with Hydra in the field, but subsequently died, were not enumerated using this method. In laboratory trials, the number of larvae that died after escape was 26% of those that were captured and ingested. If this percentage is applied to our field estimates of Hydra predation at Austen Island, 4% of the swim-up larvae from the colony were killed but not ingested by Hydra. The total larval mortality due to encounters with Hydra during one night-time swim-up event at Austen Island would then be 20%. This larval mortality rate is not uncommon when it is compared to those observed for marine fish larvae due to predation by pelagic cnidarians. Purcell (1985) has reported that scyphomedusae and some hydromedusae generally consume between 0.1 and 45% larvae d-l. The benthic polyp stages ol marine hydrozoans are generally not considered to be significant predators of larval fishes. However, early studies by Gudger ( 1934) revealed that polyps of CZytia feed on larval fishes, and more recent work by Madin et al. (1996) has shown that these hydroids can have a significant effect on the population dynamics of zooplankton and larval fishes. The relatively large size and abundance of H. canadensis and its habit of attaching to macrophytes that extend its distribution up into the water column allow it to be a significant predator on the planktonic stages of larval fishes in freshwater.
The percentage of swim-up larval bluegill that die as a result of interactions with Hydra is relatively high in comparison to losses from other predators. Gross and MacMillan (198 1) estimated that bluegill lose 11% of their brood from snail predation and 7% from fishes. The 20% brood loss to Hydra within 2 m of a colony at Austen Island is significant in comparison. The typical swim-up of larvae from nests at night allows them to avoid visual predators but is not effective against Hydra predation. However, Hydra populations in close vicinity, to colonies may be swamped by the number of larvae leaving nests at night. The high percentage of black Hydra (Avg, 7Z%) inside colonies the morning after swimup indicates that most individuals had consumed at least one fish larva. Hydr,z located at greater distances from nests were less likely to be swamped by larvae.
Once larvae leave their nest sites and enter open water they are likely to continue to encounter the many Hydra living on the tops of weeds that extend to the surface in many areas of Lake Opinicon. Bluegill larvae remained susceptible to bein;; captured by Hydra until they were at least 8 d old. Larvae are generally thought to seek open water to avoid the abundant fish predators that occur in weed beds. However, predation by Hydra may also be an additional factor causing their departure to the limnetic zone of lakes. Further studies are required to determine the mortality rates of post-swim-up larvae that result from interactions with Hydra living in weed beds, and those floating in the plankton (Reisa 1973) . Bluegill return from open water areas to weed beds once they reach juvenile size, at which time they are no longer susceptible to predation by Hydra.
Hydra may also affect the survival and growth of larval and juvenile fishes through competition for food. Larval fishes in Lake Opinicon feed mainly on cyclopoid copepods and their nauplii. As. the larvae grow, their diet becomes more diverse and they feed on a variety of copepod and cladoceran species (Keast 1980 (Keast , 1985 . Hydra also feed on these crustacean prey (Pennak 1978; Slobodkin and Bossert 1991) . Cuker and Mozley (198 I) reported that Hydra preyed heavily on Bosmina, it major prey item of many species of larval fishes in Lake OlJinion (Keast 1980) . Detailed studies of Hydra predation or. zooplankton and its effects on the growth and survival of larval fishes are required to test this hypothesis.
The high densities of Hydra observed in Lake Opinicon and its effect on the survival of bluegill larvae are likely generic to lakes having high macrophyte densities and populations of sunfishes. Eurasian watermilfoil, M. spicatum, continues to spread and multiply in North American waters (Engel 1995) . The increased availability of structural support provided by this plant likely leads to higher Hydra population densities. Furthermore, the impact of predation is unlikely to be restricted to bluegill larvae. We have found that Hydra can also sting and kill larvae of other freshwater fish species (e.g. Lepomis gibbosus, Ambloplites rupestris) when they co-occur in laboratory containers. The nests of these species are also common in areas of high Hydra densities. This suggests that Hydra are likely to cause mortality in a variety of freshwater fish species that spawn in the littoral zones of temperate lakes.
